Comparative antioxidant activities of the water and ethanol extracts obtained from dried citrus fruit (Citrus unshiu) peel were determined using chemical and biochemical in vitro assays. Chemical assays were used for evaluation of 1,1-diphenyl-2-picryl hydrazyl (DPPH) radical scavenging, hydrogen peroxide scavenging, and reducing power of both extracts and their total phenolic, flavonoid and tannin contents and antioxidant activities were investigated. Biochemical assays were performed to evaluate the inhibition activities of AAPH-induced rat RBC hemolysis and Fe 2+ -induced lipid peroxidation using rat brain tissue cells. Linear correlation between the antioxidant activities of both extracts were determined by chemical assays, and total phenolic, flavonoid and tannin contents was observed in concentration-dependent mode. Both extracts showed >95% DPPH radical scavenging and >85% hydrogen peroxide scavenging, and higher reducing capacity at the same level of 3200 ppm. In the inhibition activity of AAPH-induced hemolysis, water extracts showed a strong activity in concentration-dependent mode up to 1600 ppm with no statistical difference found between 1600 and 3200 ppm (P > 0.05). In the inhibition activity of Fe 2+ -induced lipid peroxidation, ethanol extracts showed the higher inhibition percentage of lipid peroxidation than those of water extracts at the same concentration with no significant difference (P > 0.05) found in the range of 800 to 3200 ppm. The extracts of dried Citrus unshiu peel may be considered as potential antioxidant ingredients of functional food depending on the conditions at which reactive oxygen species are implicated.
Introduction
Presently, as humans are expressing more and more concerns on their health, many health-designing foods in nature, which provide health benefits over and above basic nutrition, are attracting increasing attention, among which citrus fruits are one of the major topics. Because citrus fruits are among the most abundant crops in the world [1] and have high content of nutrients such as vitamin C, carotenoids, and minerals as well as phenolic compounds, which have important role in the nutritional, organoleptic and commercial properties of agricultural foodstuffs by contributing to color, astringency, bitterness and flavor [2, 3] . In particular, phenolic compounds including phenolic acids, flavonoids, and hydrolysable tannins present in citrus fruits have gained much attention due to their strong antioxidant capacity and free radical scavenging abilities, which potentially have beneficial implications in human health [4] [5] [6] .
The modern life style of individuals causes over production of free radicals or reactive oxygen species such as superoxide anion radicals ( ), hydroxyl radicals (OH), and hydrogen peroxide (H 2 O 2 ). Our body has a natural defense mechanism to cope with this oxidative stress, but problems arise when the free radicals outweigh the defense mechanism, thereby damaging essential biomolecules such as proteins, DNAs and lipids, which eventually causes atherosclerosis, aging, cancer, diabetes mellitus, inflammation, and several degenerative diseases in humans [7] [8] [9] [10] . Recently interest has been growing in obtaining natural dietary antioxidants from plant-based foods. Natural antioxidants rich in phenolic compounds play an important role in health care as they provide protection from oxidative stress and associated diseases [11, 12] . Epidemiological studies on dietary cit-rus fruits have shown a strong correlation between the antioxidant properties of phenolic compounds and their health-promoting and disease-preventing effects [13] [14] [15] [16] . Citrus peel is the main waste fraction of citrus fruits, which represents roughly half of the fruit mass and contains a high concentration of phenolic compounds [17] . Reports have been made that citrus peel contained more bioactive compounds such as phenolic acid, flavonoids, tannins, and limonoids than the citrus juice [18, 19] , also a main source of several flavonoid compounds such as flavanones, flavanone glycosides, and polymethoxylated flavones unique to citrus, which are rare in other plants [20, 21] .
Citrus unshiu, one of the genus Citrus plants and belonging to the family Rutaceae, is a seedless and easy peeling fruit known as Satsuma mandarin. It is also one of the citrus varieties widely planted and consumed in East-Asia including Korea [22] . The Citrus fruit has been used for culinary purposes and the dried peel of Citrus fruit, which is known as Chenpi [23] , has been widely used as a traditional medicine for centuries to treat indigestion and inflammatory syndromes of the respiratory tract such as bronchitis and asthma [22, 24] . The dried peels of Citrus fruit have been traditionally consumed as tea or medicinal liquor, which is infused by hot water or alcohol respectively, and is supposed to be beneficial to the health. Use of peel of various citrus fruit species has recently drawn much attention, not only due to its economic value as a food product, but also for its healthpromoting properties [24] [25] [26] . However, limited information is available on baseline of the dried peel extracts of Citrus unshiu species for its use as a functional food as well as on the possible correlation between the chemicals (phenolics, flavonoids, and tannins) and biological properties such as antioxidant activity of dried peel extracts of Citrus unshiu. The objective of the present study was 1) to evaluate the antioxidant activity in the water and ethanol extracts obtained from dried peel of Citrus unshiu using in vitro chemical assays; 2) to measure the total phenolic, flavonoid and tannin contents in the water and ethanol extracts of dried peel; 3) to identify a correlation between the antioxidant activity and phenolic content of dried peel extracts of Citrus unshiu; 4) to compare the antioxidant powers of the water and ethanol extracts of dried Citrus unshiu peel using in vitro biochemical assays.
Materials and Methods

Plant Materials and Chemicals
Dried citrus fruit (Citrus unshiu) peels, collected in the Chejudo, South Korea, were obtained from the Jegidong herb market in 2009. The dried samples were ground into coarse powder using a National Model MX-T2GN blender (National, Taipei, Taiwan) at medium speed. The sample was placed in the polyethylene bags and kept at 20˚C until analyzed. All chemicals were of analytical grade and were obtained from Sigma-Aldrich Chemical Company (St. Louis, MO, USA). Cross-linked insoluble polymer PVPP (polyvinyl-polypyrrolidlone) was purchased from BASF Chemical Company (Ludwigshafen, Germany).
Preparation of the Water and Ethanol Extracts
For water extract, 20 g of the dried sample was extracted by refluxing for 1 h with 200 ml of distilled water according to the method described by Tang et al. [27] . The obtained extract was cooled and filtered over Whatman No. 1 paper. The residue was re-extracted and filtered by the same method as mentioned above. The filtrates were pooled and concentrated under vacuum at 40˚C and then lyophilized to obtain a water extract. A part of the water extract obtained was diluted and prepared with distilled water at different concentrations for analysis. For ethanol extract, 20 g of the dried sample was extracted with 200 ml of ethanol (95%, v/v) by the same method used for water extract, and the obtained ethanol extract was diluted and prepared in a mixture of ethanol and water (7:3) at different concentrations for analysis.
Antioxidant Activity of the Water and Ethanol Extracts Using Chemical Assays
Determination of DPPH Free Radical
Scavenging Activity The 1,1-diphenyl-2-picryl hydrazyl (DPPH) free radical scavenging activities of the water and ethanol extracts of dried citrus fruit peel were determined at different concentrations of 5 to 4000 ppm (g/ml) according to a method outlined by Kim [28] based on the method of Hatano et al. [29] . Four milliliter of the water and ethanol extract dissolved in water and ethanol mixture (Etoh:H 2 O = 7:3), respectively was mixed with 1 ml of 0.2 mM DPPH in methanol. The mixture was shaken vigorously and reacted for 30 min prior to the analysis. The absorbance of reaction mixture (0.1 ml) was measured at 517 nm. The scavenging activity of extracts was calculated using the following Equation 
where A 517 of control is the absorbance of blank sample treated with no added extract and A 517 of sample is the Scavenging activity % A of control A of sample 100 A of control
where A 230 of control is the absorbance of blank solution with no added extract and A 230 of sample is the absorbance in the presence of extract.
Determination of Reducing Power
The reducing powers of the water and ethanol extracts of dried citrus fruit peel were measured at 0, 50, 200, 800, 1600, and 3200 ppm (µg/ml) using the method of Kim [28] based on the method described by Oyaizu [31] . Extract solution (0.1 ml), phosphate buffer (0.25 ml, 0.2 M, pH 6.6) and potassium ferricyanide [K 3 Fe(CN) 6 ] (0.25 ml, 1%) were mixed, and then incubated at 50˚C for 20 min. Aliquots of 0.25 ml of trichloroacetic acid (10%) were added to the mixture and centrifuged for 10 min at 1700 g (25˚C). The upper layer of solution (0.25 ml) was mixed with distilled water (0.25 ml) and ferric chloride [FeCl 3 ] (0.05 ml, 0.1%). The absorbance was measured at 700 nm. A blank solution with no added extract was used as a control. Increased absorbance indicates stronger reducing power.
Determination of Total Phenolics
Total phenolic contents in the water and ethanol extracts of dried citrus fruit peel were determined spectrophotometrically according to the method of Lim et al. [32] with a slight modification based on the use of FolinCiocal teu reagent [33] . Aliquots of 0.1 ml of extracts at different concentrations of 50, 200, 800, 1600, and 3200 ppm (µg/ml) were transferred into the test tubes, and their volumes were made up to 8 ml with distilled water (7.9 ml). Folin-Ciocalteu phenol reagent (0.5 ml) was added, and the contents were mixed thoroughly. After 1 min, 1.5 ml of 20% sodium carbonate solution was added and the mixture was mixed thoroughly and then allowed to stand for 1 h. The absorbance of the blue color produced was measured at 750 nm. Phenolic content was expressed in micrograms per mililiter of extract at different concentrations based on a standard curve of tannic acid (TA), which was expressed as milligrams per liter of tannic acid equivalent (TAE).
Determination of Flavonoids
Flavonoid contents in the water and ethanol extracts of citrus fruit peel were determined using a method described by Marksimović et al. [34] with a slight modification. Aliquots of 10 ml of extract solution prepared at different concentrations of 50, 200, 800, 1600, and 3200 ppm (µg/ml) were mixed with 2 ml of distilled water and 5 ml of AlCl 3 reagent (133 mg crystalline aluminum chloride and 400 mg crystalline sodium acetate dissolved in 100 ml of water). The absorbance was recorded at 430 nm. The flavonoid contents were expressed in micrograms per milliliter of extract at different concentrations based on a standard curve of quercetine, which was expressed as milligrams per liter of quercetine equivalent.
Determination of Tannins
Tannin contents in the water and ethanol extracts of citrus fruit peel were determined using a method described by Marksimović et al. [34] with a slight modification after removal of tannins by their absorption on insoluble matrix (polyvinylpolypyrrolidlone, PVPP). Insoluble, crosslinked PVPP (Kollidon CL, BASF, Germany; 100 mg) was weighed into the test tubes, and 1 ml aliquots of extract solution prepared at different concentrations of 50, 200, 800, 1600, and 3200 ppm (µg/ml) was added. The test tubes were incubated for 15 min at 4˚C, and the tubes were vortexed and centrifuged for 10 min at 4300 g. Aliquots of supernatant (0.1 ml) were transferred into test tubes and nonabsorbed phenolics were determined like that of total phenolic content estimation. Calculated values were subtracted from total phenolic contents and total tannin contents were expressed as micrograms per milliliter of extract at different concentrations based on a standard curve of tannic acid, which was expressed as milligrams per liter of tannic acid equivalent (TAE).
Antioxidant Activity of the Water and Ethanol Extracts Using Biochemical Assays
Determination of AAPH-Induced Rat RBC Hemolysis Inhibition
The inhibition activity of the water and ethanol extracts of dried citrus fruit peel at different concentrations of 0, 50, 200, 800, 1600, & 3200 ppm (µg/ml) against free radical-induced oxidative hemolysis using rat red blood cells (RBC) was determined according to the method Preliminary Evaluation for Comparative Antioxidant Activity in the Water and Ethanol Extracts of Dried Citrus Fruit (Citrus unshiu) Peel Using Chemical and Biochemical in Vitro Assays 180 described by Ng et al. [35] with a slight modification. Blood obtained from the posterior vena cava of Male Sprague-Dawley rats (200 g) was collected into a heparinized tube. The RBCs were centrifuged at 1000 g for 5 min. The RBCs separated from the plasma and buffy coat were washed three times with 10 ml of 10 mM phosphate-buffered saline (PBS) at pH 7.4. After the 3 rd wash, the RBCs were centrifuged at 1000 g for 10 min to obtain an evenly packed cell preparation, and the washed RBCs were finally resuspended in PBS to obtain a 20% suspension of RBC. Twenty percent RBC suspension at 0.1 ml was added to 0.2 ml of 200 mM 2,2'-azo-bis (2-amidinopropane) dihydrochloride (AAPH; a peroxyl radical initiator) solution in PBS and 0.1 ml of extract solution of different concentrations. The reaction mixture was shaken gently during incubation in a water bath at 37˚C for 3 h. The reaction mixture was diluted with 8 ml of PBS and centrifuged at 1000 g for 10 min; the absorbance of its supernatant was then read at 540 nm (A abs ). Similarly, the reaction mixture was treated with 8 ml of distilled water to achieve a complete hemolysis, and the absorbance of the supernatant obtained after centrifugation was measured at 540 nm (B abs ). The inhibition ratio (%) of hemolysis was calculated using Equation (3) . Ferulic acid and -tocopherol (152.35 g/ml for water extract and 159.86 g/ml for ethanol extract) were used as positive controls. 
Determination of Fe 2+ /Ascorbate-Induced Lipid Peroxidation Inhibition
The inhibition activities of the water and ethanol extracts of dried citrus fruit peel at 0, 50, 200, 800, 1600, & 3200 ppm (µg/ml) against lipid peroxidation of the rat brain tissue induced by Fe 2+ /ascobate were determined using the method of Lim et al. [32] based on the method of Liu et al. [36] . Lipid peroxidation was assayed using the formation of malondialdehyde (MDA) as an indicator. The brains of Sprague-Dawley (SD) rats (200 g) were dissected and washed with ice-cold 20 mM Tris-HCl buffer (pH 7.4). The brain was homogenized in 2 volumes of ice-cold 20 mM Tris-HCl buffer with a Polytron (Brinkmann Instruments, Westbury, NY) and centrifuged at 3000 g for 10 min. The supernatant was used for study of lipid peroxidation. Aliquot (0.1 ml) of the supernatant was incubated at 37˚C for 1h with 0.2 ml of extract solution in the presence of 0.1 ml of 10 M FeSO 4 and 0.1 ml of 0.1 mM ascorbic acid. The reaction mixture was stopped by adding trichloroacetic acid (TCA) and thiobarbituric acid (TBA). The reaction mixture was then heated at 80˚C for 20 min. After cooling, centrifugation was carried out at 3000 g for 10 min to remove the precipitated protein. The color intensity of the MDA-TBA complex in the supernatant was measured at 532 nm. The inhibition ratio (%) of lipid peroxidation was calculated using Equation (4) . Ferulic acid and -tocopherol (152.35 g/ml for water extract and 159.86 g/ml for ethanol extract) were used as positive controls.
where A 0 is the absorbance of control, and A 1 is the absorbance of the test sample.
Statistical Analysis
All determinations for antioxidant activity in the samples were carried out in triplicate (n = 3), and all values were reported as means  standard deviation. All experimental data were analyzed with the analysis of variance (ANOVA) using General Linear Model and significant differences (P < 0.05) among means at each treatment were determined using Least Significant Difference (LSD) at a level of  = 0.05 using Minitab computing system (Minitab Inc., State College, PA).
Results and Discussion
The Yield of Extracts
The percent yields of the water and ethanol extracts obtained from 20 g of dried Citrus unshiu fruit peel corresponded to 39.607% (7.959  0.281 g, n = 3) and 55.486% (11.156  0.348 g, n = 3), respectively.
Evaluation of Antioxidant Activity Using in Vitro Chemical Assays
Scavenging Activity on DPPH Free Radical
DPPH is a stable organic free radical with most strong adsorption at 517 nm, the color of which turns from purple to yellow followed by the formation of DPPH upon absorption of hydrogen from an antioxidant [31] . Because it can accommodate many samples in a short period and is sensitive enough to detect active ingredients at low concentrations [37] , it has been extensively used as a reagent to evaluate free radical scavenging activities of plant-based extracts. Free radical scavenging potentials of the water and ethanol extracts obtained from dried Citrus unshiu peel at different concentrations were detected by the DPPH assay (Figure 1) . Both extracts showed a similar trend for scavenging DPPH radicals in a concentration-dependent manner, which indicated that in both extracts the increase in scavenging activity depended on the increasing concentration of the extracts.
Copyright
The scavenging activities of the water extracts against DPPH radicals were 1.464%, 18.869%, 55.962%, 85.779% and 95.853%, whereas those of ethanol extracts were 1.336%, 13.149%, 44.034%, 74.286% and 97.714% at 50, 200, 800, 1600 and 3200 ppm, respectively. The scavenging activities of both extracts were significantly different (P < 0.05) in the range of 50 to 3200 ppm. The antioxidant activities of both extracts could be attributed to their hydrogen-donating ability by phenolic compounds present in extracts [38] . It is well-known that free radicals cause autoxidation of unsaturated lipid, whereas antioxidants intercept the free radical chain reaction of oxidation by donating hydrogen from the phenolic hydroxyl groups, thereby forming a stable end-product, which does not initiate or propagate further oxidation of unsaturated lipid [39] . However, as shown in Figure 1 , the radical scavenging activities of water extracts were relatively weaker than those of ethanol extracts up to 2400 ppm, whereas water extracts showed opposite result. The difference in antioxidant power of both extracts could be due to different chemical structure of phenolic compounds present in both extracts [40] , supported by several studies on the relationship between chemical structure and antioxidant activity of phenolic compounds by the DPPH method [40] [41] [42] . The data described in present study indicate that the extracts obtained from dried Citrus unshiu peel could be free radical inhibitors and primary antioxidants that react with DPPH free radicals, which may be attribute to its hydrogen-or electrondonating ability.
Scavenging Activity on Hydrogen Peroxide
Hydrogen peroxide is a non-radical reactive agent as well as one of reactive oxygen species (ROS), which can be generated in biological and food systems [43] . In fact, H 2 O 2 by itself is not very reactive, but it may form hydroxyl radical, known to be highly reactive oxygen radical in the presence of transition metal ion and participate in free-radical reaction in biological and food systems [43, 44] (Figure 2 ). For example, as shown in Figure 2 , the scavenging activities of water extracts showed slightly stronger power from 50 to 400 ppm, slightly weaker power from 800 to 1600 ppm, and slightly stronger power from 2400 to 3200 ppm than those of ethanol extracts. This difference in the activity may be influenced by chemical structure and elements of phenolic compounds, composition profile of phenolic compounds present in extracts or concentrations of phenolic compounds in the reaction test environment depending on extraction procedure [16, 40, 47] . 
Reducing Power Activity
The reducing power has been widely used as a significant marker of the antioxidant activity [49] . In general, the reductones in the oxidizable substrate play an important role in the reducing properties, including exertion of antioxidant action by breaking the free radical chains via donation of a hydrogen atom [50] . Furthermore, in the assay for determination of the reducing power, yellowness of the test solution changes to various shades of green and blue depending on the reducing power of compound. The presence of antioxidants causes the reduction of Fe 3+ in the presence of ferricyanide complex to the ferrous (Fe 2+ ) form by donating an electron. Therefore, measuring the formation of Perl's Prussian blue at 700 nm can be used to monitor the Fe 2+ concentration [48] . The greater the intensity of the color, the higher is the antioxidant activity of the sample. The reducing powers of the water and ethanol extracts of dried Citrus unshiu peel at different concentrations were determined by the iron (III) to iron (II) reduction assay. The data indicated a concentration-dependant mode for the reducing powers of both extracts (Figure 3) . In addition, the reducing powers of both extracts also increased with the increasing concentrations. Furthermore, statistical differences in the reducing power were found among the different concentrations of both extracts (P < 0.05). Both extracts showed a relatively strong reducing power at 3200 ppm; however, the ethanol extract indicated a slightly higher reducing activity than that of water extract. This difference in reducing powers of both extracts obtained from dried Citrus unshiu peel could be due to their hydrogen-or electron-donating ability [51] . Accordingly, both extracts at 3200 ppm could contain relatively higher amount of reductones, which could react with free radicals to stabilize and block radical chain reactions.
Total Phenolic, Flavonoid, Tannin Contents and Their Correlation with Antioxidant Activities
In order to establish a potential relationship between water and ethanol extracts, antioxidant activities based on the data obtained from DPPH free radical scavenging, hydrogen peroxide scavenging, and reducing power pa- rameters of both water and ethanol extracts as well as total phenolic, flavonoid, and tannin contents of both extracts at different concentrations were determined and summarized in Table 1 . Total phenolic, flavonoid, and tannin contents of the water and ethanol extracts of dried Citrus unshiu peel at different concentrations showed a similar trend in a concentration-dependent mode, which indicated the increasing of total phenolic, flavonoid, and tannin contents depending on the increasing concentration of the extract. All data of each parameter investigated in water and ethanol extracts were significantly different (P < 0.05) ( Table 1) . Total phenolic contents were measured by Folin Ciocalteu reagent in terms of tannic acid equivalent by reference to standard curve (y = 0.001x − 0.008, r 2 = 0.998). The total phenolic contents of the water and ethanol extracts at different concentrations ranged from 1.844 to 159.861 g/ml. The flavonoid contents of both extracts at different concentrations ranged from 0.038 to 15.950 g quercetin equivalent/ml of the extract solution by reference to standard curve (y = 0.036x + 0.015, r 2 = 0.999). Finally, tannin contents of the water and ethanol extracts were determined by subtracting non-tannin phenolic contents from total phenolic contents and the tannin contents of both extracts at different concentrations ranging from 1.816 to 59.296 g/ ml extract solution in terms of tannic acid equivalent by reference to standard curve (y = 0.001x + 0.001, r 2 = 0.998). Total phenolic contents of the water and ethanol extracts were similar at the same concentration levels of extracts, whereas flavonoid contents of the ethanol extracts were approximately 1.5-fold higher than those of water extract, and tannin contents of the water extracts were approximately 2-fold higher than those of ethanol extract in the range of 800 to 3200 ppm ( Table 1) .
A clear association was observed between the extracts in total phenolic content and the antioxidant activities investigated by three different parameters including DPPH free radical-scavenging, hydrogen peroxide scavenging, and reducing capacity of Citrus unshiu peel. Strong linear correlations were observed between extract total phenolic content and the antioxidant activities with correlation coefficients of r 2 = 0.8704 for DPPH free radical scavenging, r 2 = 0.8744 for hydrogen peroxide scavenging, and r 2 = 9671 for reducing capacity (Figures  4-6) . As expected, DPPH radical scavenging, hydrogen peroxide scavenging, and reducing capacity showed increasing antioxidant power depending on the increase of phenolic content, an indication that the phenolic content in dried Citrus unshiu peel could be highly correlated with antioxidant activity. Thus, the content of phenolic compounds could be an important indicator of the antioxidant capacity, which could be used preliminary to screen natural sources for antioxidants [52] . Previous studies identified a positive relationship between the phenolic content and antioxidant activity in citrus peel [2, 17, 53] . The correlation coefficients between the flavonoids and the antioxidant activities were r 2 = 0.8000 for DPPH radical scavenging, r 2 = 0.8110 for hydrogen peroxide scavenging, and r 2 = 0.9391 for reducing capacity (Figures 4-6) , relatively lower than those between total phenolics and the antioxidant activities. These results indicates that besides flavonoids, there could be other phenolic compounds such as phenolic acids, tannic acid, proanthocyanidin among others [52] , which also contribute to the antioxidant activity of dried Citrus unshiu peel. Furthermore, linear correlations between the tannin content and the antioxidant activity were also observed with correlation coefficients of r 2 = 0.8803 for DPPH radical scavenging, r 2 = 0.7775 for hydrogen peroxide scavenging, and r 2 = 0.7925 for reducing capacity (Figures 4-6) . Although relatively lower correlations were observed among tannins, except hydrogen peroxide scavenging and reducing capacity, DPPH radical scavenging showed a good correlation with the tannins. These results strongly suggest that the content of phenolic compounds in dried Citrus unshiu peel including flavonoids and tannins could be attributed to their antioxidant activity, which plays an important role as free radical terminator, ROS scavenger, or reducer via their hydrogen-or electron-donating ability.
Evaluation of Antioxidant Activity Using in
Vitro Biochemical Assays
Inhibition Activity of AAPH-Induced Oxidative
Hemolysis Using Rat Red Blood Cells (RBC) Thermal decomposition of AAPH in the reaction solution generates an initiating radical, which can attack the polyunsaturated lipids in the RBC membranes to induce lipid peroxidation. As a result, the RBC membranes are quickly damaged and eventually lead to hemolysis, because the lipid peroxidation is a free radical chain reaction and one initiating radical could induce up to twenty propagation reactions [54, 55] . One the other hand, if antioxidants such as phenolic acids, flavonoids, and vitamins E, and C are present or added to the RBCs, they would react with the chain propagating peroxyl radicals to stop the peroxidation, hence inhibit hemolysis [56] . In the present study, the inhibition effects of the water and ethanol extracts obtained from dried Citrus unshiu peel against the oxidative hemolysis of rat RBC induced by AAPH, which is known as a peroxyl radical initiator, were investigated and compared at different concentrations. The inhibition activity of the water extracts increased in a concentration-dependent mode; however statistical difference between 1600 and 3200 ppm of extract concentration was not found (P < 0.05), and the inhibition activity at the two concentrations was even higher than that of positive control ferulic acid ( Figure  7) . On the other hand, the inhibition activity of ethanol extracts was not dependent on the concentration of extract, which suggests the inhibition activity of hemolysis might not be related to the content of phenolic compounds. Unlike the previous data from the chemical assays, there is a lack of the relationship between the content of phenolic compounds and their antioxidant activity in inhibiting peroxyl radical-induced hemolysis in biological system. This indicates that the antioxidant activity of phenolic compounds for the inhibition of peroxyl radical-induced hemolysis is not dependent on the concentration of phenolic compounds, but may also be ex-plained in different ways such as the chemical structures, the concentration, the number, and position of hydrogendonating functional hydroxyl groups on the aromatic cycles of the phenolic molecules [57, 58] . According to the study of Bocco et al. [18] , methanol extracts in citrus peel are rich in flavones and glycosylated flavanones, whereas hydrolyzed extracts contain mainly phenolic acids and flavonol. Thus, the phenolic acid and flavonol among the phenolic compounds in the water extract of dried Citrus unshiu peel could selectively and effectively inhibit the perxoyl radical-induced hemolysis in cellular system.
Inhibition Activity of Fe
2+ /Ascorbate-Induced Lipid Peroxidation Using Rat Brain Tissue The inhibition activity of nonenzymatic lipid peroxidetion induced with FeSO 4 -ascorbic acid on rat brain tissue homogenate was measured by the color intensity of MDA-TBA complex (Figure 8) . In general, membrane phospholipids of tissue cells are the major target of oxidative damages in biological system. Lipid peroxidation, which involves the oxidative cleavage of polyunsaturated fatty acids at their double bonds, is recognized as a potential mechanism of cell injury, leading to the formation of malondialdehyde (MDA) [59] . The MDA has long served as a convenient index to determine the extent of lipid peroxidation, and Fe 2+ ion is well-known as an initiator for stimulating lipid peroxidation in cellular system [60] . The inhibition activity of Fe 2+ /ascorbate-induced lipid peroxidation by the water and ethanol extracts of dried Citrus unshiu peel showed concentration-dependence in the tested concentration ranges, whereas that of ethanol extracts in the range of 800 to 3200 ppm was not significantly different (P < 0.05) and comparable to that of positive control -tocopherol (Figure 8) . The ethanol extracts of dried Citrus peel generally showed a higher inhibition percentage of lipid peroxidation than those of water extracts at the same level except at 3200 ppm. Based on the results obtained, it is possible that the inhibition of the lipid peroxidation by Fe 2+ /ascorbate system could be more influenced by ethanol extract than water extract. Thus, the ethanol extract of dried Citrus unushiu peel could be an effective antioxidant to inhibit the lipid peroxidation induced by Fe 2+ ion in cellular system even at low concentrations possibly due to the presence of catechins and anthocyianidines, which are not only subgroups of flavonoid family but also belong to tannins and governed by the position and number of hydroxyl groups on the B-ring of aromatic cycles in their phenolic structures [40] . According to the study reported by Seeram & Nair [61], catechins and anthocyanidins effectively inhibited the Fe(II)-induced lipid peroxidation in a liposomal model, which was reported to be more effective at inhibiting Fe(II) ion-induced peroxidation than the free radical-induced peroxidation. Thus, the ethanol extract of dried Citrus unshiu peel could be a better source of antioxidant having the chemical structure of catechins and anthocyanidins compared to the water extract.
Although further studies are needed, the results of the present study show the significant antioxidant activities of the water and ethanol extracts obtained from the dried Citrus unshiu peel by both chemical and biochemical in vitro assays. In light of these findings, the water and ethanol extracts of dried Citrus unshiu peel can be considered as potential ingredients of functional foods for use in conditions where reactive oxygen species are implicated, although preclinical and clinical studies are needed to establish the usefulness of the natural extracts of dried Citrus unshiu peel in the treatment or prevention of many human diseases.
